Introduction
E quity in health care is concerned with the distributional fairness of health services delivered to different subgroups of a population and poses a major, persistent public health challenge across industrialized nations. Procedural equity refers to the extent to which the structural and process features of health service delivery result in an equitable distribution of services for individuals and population subgroups with comparable needs and wants. 1 In the context of quality assurance, the report 'Crossing the Quality Chasm' 2 challenges all health care organizations to pursue six major health care improvement goals, one of which is equity. As a consequence, assessing health care quality has become increasingly important worldwide in response to the demand for greater transparency and accountability, and better quality, 3 and accountability for an equitable delivery of the best quality of care a health system can offer is an important dimension to monitor and report in health service research. 4 The Declaration on Social Determinants of Health 5 emphasizes that research and experiences of implementing policies on social determinants of health point to some common features of successful actions, which include monitoring progress and increasing accountability for health system equity. A study revealing treatment disparities can enhance strategies to tackle inequalities in affordable and modifiable aspects. The contribution of race, citizenship, gender and age on the provision of hospital health care is well documented, [6] [7] [8] while the literature has focused more rarely on the role of formal education in generating disparities in the delivery of treatment, 9 although educational level is a clear determinant of inequalities. 10 The aim of the present population-level health service study was to see whether hospitals assure the same quality of care to people in equal need. In particular, this study analysed whether there is any association between social determinants and adherence to four hospital process indicators clearly linked to better health outcomes for patients.
Methods
This was a retrospective cohort study based on administrative data collected in the Veneto Region (northeast Italy).
Study population and data source
We focused on four patient cohorts representing common conditions to generate stable estimates.
We included hospital admissions involving residents for STsegment elevation myocardial infarction (STEMI) or acute myocardial infarction (AMI), hip fracture, cholecystitis and delivery of pregnant women, who were discharged from any hospital operating under the NHS (National Health System) in the Veneto Region between January 2012 and December 2012, who fulfilled the following inclusion criteria: During the study period, we identified 40 524 admissions of pregnant women for delivery, 7786 admissions for cholecystectomies, 5643 admissions for surgery in elderly patients with hip fractures and 3837 admissions for STEMI-AMI. The record fields for gender, date of birth (from which the patient's age at the time of admission was calculated) were always completed, and nationality was almost always specified (>99%), whereas the formal education variable was recorded for only 58% (23 657) of the women giving birth, 53% (4148) of the patients undergoing cholecystectomy, 43% (2438) of the elderly patients operated for hip fracture and 40% (1558) of the patients with STEMI-AMI.
Quality indicators
For this study we examined a limited set of well-established qualityof-care indicators selected on the strength of clear evidence in the international literature of their association with better health outcomes.
We excluded indicators concerning hospital admissions for chronic respiratory diseases, diabetes or other diseases, because they reflect population and primary health care rather than hospital care factors. 13 Thus, the following indicators of processes associated with a worse outcome were included as a dependent variable in the regression analysis:
patients with STEMI-AMI not treated with percutaneous coronary intervention (PCI)-PCI is associated with a lower mortality rate after AMI 14 ; older patients with hip fractures undergoing surgery more than 48 h after being admitted to hospital-earlier surgery reduces the related mortality and morbidity 15 ; open cholecystectomies-laparoscopic cholecystectomy (LC) achieves more favorable results in terms of mortality, complications and length of hospital stay 16 ; women undergoing cesarean section-high cesarean delivery rates are medically unjustified and associated with maternal and neonatal mortality and morbidity. 17 We used the following ICD-9-CM procedure codes to define PCI: 00.66, 36.01, 36.02, 36.05, 36.06 and 36.07. Cesarean sections were identified on the basis of the following DRG 370-371. The 48-h interval elapsing before any treatment was measured from the patient's first arrival at the hospital (index admission). The Regional Hospital Information System reports the date, but not the exact time when procedures are performed so, for the purpose of this study, hip fracture surgery was assumed to have been performed within 48 h if it was done on the day of admission to hospital or within the next day. A previous study had conducted a sensitivity analysis comparing time to surgery in days and hours. The study defined timely surgery for hip fractures as when Cohen's Kappa = 0.83. 18 
Statistical methods
Information on patients' clinical characteristics, risk factors and comorbidities was obtained from the Regional Hospital Information System on the basis of their ICD-9-CM codes recorded for the index hospitalization and hospital stays during the previous 2 years. An automatic record linkage procedure was adopted. 19 For each indicator, numerous potential comorbidity factors were drawn from a previous methodological document concerning these indicators, produced by the Italian National Agency for Regional Health Care Services, 20 except for cholecystectomy, for which the comorbidities indicated by the AHRQ were considered. 12 As a first step, we ran an unconditional exploratory logistic regression analysis with each indicator as a dependent variable and all comorbidities as independent variables to see which comorbidities to retain as covariates. Variables associated with process indicators were included in the subsequent multivariate regression models in which we introduced the socio-economic independent predictors thought to be associated with the process indicators. Potential comorbidity confounders were retained if P < 0.20 in order to protect against potential residual confounding effects.
In a second step, four logistic regression models (Model 1) were applied with each quality indicator as a dependent variable (attributing a value of 1 for each indicator corresponding to the process associated with a worse outcome, as defined earlier) and considering the following as independent variables: formal education [classified as: university, high school (reference), middle school, primary school or no schooling], gender, age quartile, citizenship (classified as: Italian, other European, non-European), without any covariates for adjustment; then four logistic regression models (Model 2) were applied with each quality indicator as a dependent variable, adjusted for the previously described independent and other covariates, and the comorbidities found significantly associated with the dependent variable (quality indicator) in the first step of the logistic model.
As a final step, multilevel logistic regression models (Model 3) were applied with each indicator as a dependent variable, the abovedescribed independent variables and-on a second level-the hospital admitting the patient.
As a sensitivity analysis on the cohort of mothers admitted for delivery (the largest cohort), the same analyses were repeated using citizenship, classified as: Italian, Eastern European, Western European, Asian, African, Northern-Central American, South American and others (stateless and Oceania).
To select the most informative model, we tested each one using Akaike's information criteria (AIC), and the area under the Receiver operating characteristic (ROC) curve (AUC) was calculated to obtain an overall measure of the models' fit. To take multiple testing issues in each process indicator assessment into account, a conservative P value of 0.006 was adopted as a cutoff for statistical significance in the multivariate analysis because we drew eight comparisons between four different independent variables (age, sex, level of education and citizenship) to assess each indicator (0.05 divided by 8 = 0.00625).
All analyses were performed using Stata 12 software. The study complied with the Helsinki Declaration and Italian privacy legislation (n. 196/2003). Resolution n. 85/2012 of the Guarantor for the protection of personal data has also recently confirmed that anonymized personal data may be processed for medical, biomedical and epidemiological research purposes, and data concerning health status may be used in aggregate form in scientific studies.
Results Table 1 shows the characteristics of the sample by group. Table 2 shows the bivariate analyses with the unadjusted associations between social determinants and quality indicators. Table 3 shows the results of our analysis for the purpose of selecting the most appropriate model, with the AUC and AIC values. The multilevel model proved more informative for each process indicator and fitted the data better (see Table 3 
Discussion
All the inpatient hospital care process quality indicators measured were associated with undesirable disparities relating to social determinants, although the reasons for these associations may differ between the various quality indicators.
First, our data show that, despite guidelines establishing that primary PCI is the recommended reperfusion therapy for both genders rather than fibrinolysis, providing it is performed by an experienced team within 120 min of first medical contact, 14 females were more than twice as likely as males to be treated for STEMI-AMI using methods other than PCI. This gender-related disparity in the administration of the evidence-based best treatment might be partly related to a greater delay in women accessing hospital care, which would prevent the adoption of a PCI approach. Whatever their cause, such disparities are a health system concern. It has been demonstrated that, even if high-quality care were accessible to everyone, there is no guarantee that all patients would benefit equally from the health care services available, so strategies are needed to ensure that patients are all aware of how to make best use of the health care services available. Other studies have consistently demonstrated such gender disparities. 21, 22 A framework for action defined six strategies imperative for eliminating disparities in cardiovascular health care. 23 One of these strategies involves collecting health care data by ethnicity and gender to orient program development, implementation and assessment. 24 Our finding about disparities relating to formal education level emerged using a conventional regression analysis, but not when using a multilevel regression analysis, after that a hierarchical structure had been taken into account in the model. It may be that the best-performing hospitals in this sense are the large hospitals in the larger towns and cities, where the population tends to have a higher formal education than people living in the country.
An unexpected result emerged for the time to surgery for hip fractures in the elderly: females and older patients had lower odds of a delay, giving rise to age-and gender-related disparities in this process indicator; there also appeared to be a higher risk of delay for patients who were less well educated. Other studies 25 found socioeconomic inequalities in the wait for surgery after hip fracture in other Italian regions using different aggregate measures of social determinants (a census tract of patients' place of residence), but not when individual data were considered. Here again, these findings confirm that equal access to health care facilities and providers (as guaranteed in Italy by the NHS) is no guarantee of equal quality of care. This means that action is needed to ensure that all patients presenting to the health care system with the same clinical indications receive the same high-quality care. 8 The topic most often addressed in the published literature on the link between social determinants and hospital processes concerns cesarean deliveries, probably due mainly to the enormous variability of the rate of cesarean sections performed around the world. 26 One previous report 27 found a higher formal education associated with a higher rate of elective cesarean sections, and another study demonstrated the same education-related disparities for repeat cesarean deliveries too. 28 Judging from our results, on the other hand, women with a middle-school education had significantly higher odds of undergoing cesarean section than those with a higher education. It is likely that the best-educated women benefited more those with a middle-school education from the Italian health system's efforts to implement various organizational strategies to reduce the caesarean section rate. In fact, other studies have shown that preventive strategies can generate disparities within a community. 29 Our results also indicate that women coming from Asia, Africa and America had higher odds of undergoing cesarean section. This may be due to such patients having a different propensity for, or attitude to cesarean delivery, but physicians should be aware of this disparity and attempt to provide the best care for all women, regardless of their level of education and nationality.
As documented in a study conducted on an earlier period, 30 the odds of having open (instead of laparoscopic) cholecystectomy were lower for females than for males, higher for older than for younger patients and also higher (nearing statistical significance) for patients with a lower formal education than for better-educated patients. Other studies have reported a significant disparity between elderly and younger patients in the use of LC. 31 The tendency to restrict its use to older patients is not justified by the findings of a study on the safety and efficacy of such procedures in the elderly, 32 which demonstrated that LC offers the same advantages-fewer complications, a shorter hospital stay and lower costs-as open cholecystectomy (OC) in the elderly as in younger people. Another study found the morbidity rates after LC in the elderly no different from those reported for patients under 65 years old. 33 Our study also showed that patients who underwent LC instead of OC were more likely to be female than male: this same gender-related disparity was seen in a population of patients in the United States undergoing cholecystectomy for acute cholecystitis. 34 Our study has several limitations. First, it was an observational study, which limits our ability to draw causal inferences. In particular, we cannot disentangle whether the disparities arose Table 2 Bivariate analysis on the association between health care process quality and social determinants European Journal of Public Health because social determinants influenced patients' attitudes to treatment or physicians' attitudes to patients. In fact, such disparities could depend on the knowledge, skills, preferences, perceptions, attitudes and prejudices of both patients and health care providers. 35 On the other hand, studies on disparities can only be observational and, where an evidence-based best practice exists, physicians are in any case responsible for encouraging patients to opt for the best possible care whatever their social status.
The other main shortcoming of our study lies in the missing data on the sample's formal education. Where this information is not provided, it is probably not by chance but associated with a certain category of education level, and this could lead to a differential-misclassification of this variable and consequently to a bias in our results. Nonetheless, even if the missing data lead to a nondifferential misclassification error could lead to a bias that is not always toward the null, mainly when a polytomous exposure is collapsed down to fewer categories in the analysis. 36 On the other hand, a previous study examined the validity of data on formal education derived from hospital discharge records in another Italian region and found a good-excellent validity for patients hospitalized for cholecystectomy and coronary heart disease, and a sufficient validity for hip fracture cases. 37 Finally, another shortcoming of our study could relate to the fact that, although a very large set of comorbidities were considered to adjust our process indicators, some residual confounders could still bias our results due to comorbidities not considered but likely to be linked both to outcome and to exposure.
In conclusion, access to good-quality evidence-based hospital health care is characterized by undesirable disparities. Current administrative data sets have considerable practical value for the purpose of broad-based quality assessments, and serve as a useful screening tool-also in the health disparities domain-for identifying quality problems and targeting areas that might require more indepth investigations based on more reliable data. Just as monitoring quality indicators has led to improvements in hospitals' efficiency and outcome performance, 18 data and indicators derived from Figure 1 Results of multilevel logistic regression analysing associations between socio-demographic determinants and four process quality indicators: estimated odds ratios and 95% confidence intervals. Adjusted for comorbidities during the same admission: (a) cancers, cardiorheumatic diseases, hematologic diseases, cerebrovascular diseases, vascular diseases, chronic nephropathies, chronic diseases, previous coronary angioplasty, other venous catheterization, number of previous admission; and comorbidities during a previous admission: lipid metabolism, chronic nephropathies, previous AMI, hypertension, cerebrovascular diseases, arrhythmias, hematologic diseases, heart failure, diabetes, coronary angioplasty, cardio-rheumatic diseases; (b) nutritional deficit, hematologic diseases, cardio-rheumatic diseases, chronic nephropathies, dementia; and comorbidities during a previous admission: dementia, rheumatoid arthritis, chronic nephropathies, chronic diseases, other ischemic heart diseases, COPD, arrhythmias, cerebrovascular diseases, cardiologic diseases unspecified; (c) fetal distress, rhesus-incompatibility, number of previous admissions, acute lung diseases, hypertension, eclampsia, diabetes, cardiovascular diseases, blood loss, gravidic steatosis, membrane rupture, fetal abnormalities, abnormal position of fetus, fetal disproportion, fetal growth retardation, HIV, thyroiditis, nephropathies; and comorbidities during a previous admission: cardiac diseases, hypertension, anemia, cerebrovascular diseases; (d) nutritional deficit, hematologic diseases, dementia, cerebrovascular diseases, vascular diseases, chronic diseases; and comorbidities during a previous admission: cardio-rheumatic diseases, chronic nephropathies, vascular diseases, arrhythmias, hypertension, heart failure, diabetes, hematologic diseases current administrative data sets can likewise support health system planning and policies, also as regards strategies to contain remediable inequalities in health care delivery.
